In aeronautical research experimental data sets of high quality are essential to verify and improve simulation algorithms.
Introduction
In aircraft design, durability and strength assessment of Beyond a certain range of applications, as given by manufacturers of test equipment, other measurement scenarios such as flight test campaigns, requiring specialized measurement set-ups, are even more demanding. Therefore, the introduction of DIC to flight testing took about a decade and was limited to large or stiff aircraft structures [6] [7] [8] . Further examples can be found in Daly [9] . Recent publications evince the importance of DIC approaches for experimental inflight applications up until now [10] .
This contribution presents an investigation of the wing deformation of a composite glider wing using a DIC The IPCT set-up had to be tailored to the special requirements of the test bed in terms of limited space, weight and power because the technology has not been applied to a glider before [11] . Furthermore, the preparation and performance of this experimental investigation was supposed to be a representative, industry-related application scenario.
Principles of the Image Pattern Correlation Technique
The A monoscopic (one camera) IPCT installation requires predefined geometry input of the measured surface for an accurate deformation evaluation [17] . Whereas a multi-camera set-up (two cameras or more) does not need additional geometry data which makes the second approach more flexible and commonly usable for flight test applications or wind tunnel tests. 3 Measurement equipment and error estimation
Measurement set-up
In order to be able to carry out a global wing deformation measurement, a stereo IPCT installation has been chosen, as discussed in chapter 2. Special boundary conditions of the measurement related to the use of a glider as a test bed, strongly influenced the IPCT set-up design in terms of its miniaturization, simplicity and power management.
Accuracy estimations according to Kraus [18] and a digital mockup (DMU) were used for a virtual pre-definition of all relevant camera system parameters such as type, lens, position and alignment (see Figure 2) . The dependent parameters of the error estimation plotted in Figure 3 are the sensor size, the pixel size, the focal length, the distance between the cameras and the relative position of the cameras towards the region of interest.
In case of major design-related concerns or constraints about the camera distance, the base width (parameter b)
should be larger than or equal to 800 mm (see Figure 3 ). Table 1 . During the data processing the checkerboard markers supported the initial mapping of the stereo images.
The flying laboratory
The research aircraft based on a serial PW-6U glider was modified to carry additional scientific data recording equipment. A dedicated joint construction implemented in the monocoque airframe enables a simplified mounting of scientific installations to the stiff composite glider fuselage. In order to fulfil the boundary conditions for image recording of the deformed wing, as described in section 3.1, two IPCT cameras (stereoscopic imaging set-up) were installed in a specially designed housing attached to the fuselage by a vertical pod. Figure 5 presents the geometry of the pod and Figure 6 shows the camera installation attached to the fuselage of the test bed.
The image sets were recorded during flight and stored on a control computer which was mounted in a wooden rig in the rear cabin ( Figure 7 ), where the back seat of the pilot had been removed. In addition a separate power supply unit as well as wiring for power supply and data transfer between the cameras and the control computer were installed on board. A flight data recording system (FDRS) was also implemented to the glider to log and provide all relevant flight parameters for the IPCT data analysis (probe see Figure 6 , computer see Figure 7 ).
It was designed to operate on board of the glider and recorded the following parameters which were measured by respective sensors during flight testing. A probe boom (pressure, angles) was fitted in front of the camera fairing (see Figure 6 ). Detailed information about the FDRS operated during the presented measurement campaign can be found in Kopecki and
Rzucidło [19] .
Testing

Strength, deformation and stability assessment of the camera pod
For experimental in-flight measurements, a composite camera pod was designed to carry various scientific sensors such as the IPCT cameras. It is made largely of a carbon fibre epoxy composite sandwich structure with a polyurethane core, with some parts also being made of a glass fibre epoxy composite.
Due to the airworthiness regulations of the aviation authorities, the strength and reliability of the pod had to be investigated before its in-flight operation.
Additionally, analytical studies of the flight stability of the modified glider were recommended.
The pod deformation (magnitude and direction) was measured during two separate ground test sequences.
Firstly, there was a series of static tests according to the CS-22 requirements for gliders [20] . Figure 8 Schematic layout of the static tests; indices refer to load case number 1 to 4 introduced in Table 2 An optical 3D scanner of the type GOM PONTOS was used to record structural deformations, as shown in During the static tests carried out on the ground, no significant or unexpected deformations, as well as no damage to the structure have been measured. Thus, this result fulfils the authority requirements for the airworthiness of the sensor pod construction.
As expected the largest bending magnitudes were measured for load case 4 in lateral direction, accounting to about 11 mm of displacement at a reference position close to the force transmission point as shown in Figure   10 . Due to the fact that the maximum displacements appear at limit loads according to airworthiness regulations, the effective deformation magnitudes are expected to be smaller during flight testing.
The deformation results of the camera pod under limit load conditions are presented in Figure 11 . 
The flight testing
A detailed description of the flight test campaign can be found in [11] . Altogether two certification and five valid test flights were performed from the EPRJ airfield in Rzeszów, Poland. Therefore, the modified glider was taken to its requested height and location by towing with a powered aircraft (aerotow). Deformation data were recorded in gliding flight, symmetrical and turn manoeuvres.
Analysis of IPCT data
The details of flight data analysis of several load cases are described in Bakunowicz and Meyer [11] as well as
Boden et al. [22] . This contribution addresses a subsequent application of transformed results and error sources while processing the image data.
There is an IPCT recalibration tool described by Kirmse Because the IPCT processing returns a 3D scatter diagram as a surface result (see Figure 14) , the number of sampling points of the regularised grid (mesh size 5 mm) delivers information about the size and shape of the reconstructed IPCT surface in the X-Y-plane (i.e. spatial information content). This is quantified in Table 4 A plot of the function (equation 1) for each of the four cases is presented in Figure 19 . The weighted and cumulated triangulation error values up to one and up to five pixels are collected in Table 5 . These numbers refer specifically to this single application and additionally do not have a link to the actual size of the reconstructed surface. Hence, comparability has been enabled by normalizing the values with the total number of sampling points of each test case (for reference see Table 4 , 4th col.).
(1) 
Conclusions
The present paper describes the development and Advance in the development of parallelized and accelerated IPCT processing software will be one of the main areas of work in the near future.
